ever, most patients undergoing endovascular treatment for intracranial unruptured aneurysms are treated under conscious sedation with local anesthesia. The purpose of the present study is to analyze the effectiveness and safety of the use of conscious sedation and local anesthesia during endovascular treatment of unruptured aneurysms. We compare these results with those in patients receiving treatment under general anesthesia during the same time interval at our institution as well as those for cases reported in the literature.
Methods
Between November 5, 2001 , and February 5, 2009 , 340 patients with 358 aneurysms were treated by the endovascular neurosurgical team at Millard Fillmore Gates Hospital. A total of 538 procedures were performed: 496 procedures (92.2%) were completed under conscious sedation and 42 (7.8%) under general anesthesia (Table 1 and Figs. 1 and 2). All patients treated were considered candidates for local anesthesia. General anesthesia was used only if the patient was restless or was deemed not to be a good candidate for local anesthesia. The prospectively collected data (aneurysm characteristics, anesthesia type, procedural details, clinical follow-up, and radiological follow-up) were reviewed in a retrospective fashion. Patients were treated with coils and/or stents or liquid embolic agents. The following stents were used (all were unlabeled/unapproved devices): Xpert (Abbott), Jostent (Abbott), Vision (Abbott), MiniVision (Guidant Corporation), Magic Wall (Boston Scientific), and S 7 (Medtronic). Patients undergoing procedures in which flow-diversion devices were used or open surgery was performed were excluded from the study. This study was approved by the institutional review board at the University at Buffalo.
Patients were educated regarding the practice of conscious sedation during office visits or when they were admitted to the hospital. This was reinforced at the time of treatment by the nursing staff, technicians, and physicians. Ongoing verbal discussions were maintained with the patient prior to and throughout the procedure. Conscious sedation was induced by intravenous injection of midazolam (typically, a total of 2 mg was administered) and fentanyl (typically, a total of 100 µg was administered). A custom-designed, rigid headholder was used on the angiographic table. This was attached directly to the table. It was padded, and the head was taped in position during the procedure. Once the patient was positioned comfortably on the angiography table, an infusion of normal saline was administered. A Foley catheter was inserted at the discretion of the operator. The groin area was prepared in sterile fashion and anesthetized with 1% lidocaine. Using a modified Seldinger technique, a 5 or 6 Fr sheath was placed in the femoral artery. For all interventions, sufficient amounts of heparin were given intravenously to maintain an activated coagulation time exceeding 250 seconds. Under fluoroscopic guidance, the aneurysms were then treated or retreated following standard procedure with suitable microcatheters, microwires, and stents or coils (and liquid embolic agents), as indicated. During the procedure, patients were monitored using electrocardiography, blood pressure readings, and pulse oximetry; neurological function was evaluated on a regular basis. For this purpose, the treating physician would communicate with the patient and request simple tasks of limb movement, eye movement, and sensory or speech examination.
Patients receiving general anesthesia were taken to the angiographic suite and intubated and monitored by the anesthesia team. Following intubation, interventional treatment was performed with techniques identical to those in patients receiving local anesthesia. In procedures performed under local anesthesia, an anesthesiologist was always available should the need arise to switch the case from local to general anesthesia.
Following procedural sedation with local groin anesthesia or general anesthesia techniques, patients were monitored postprocedurally in the ICU. They were typically monitored overnight with one-to-one nursing care. Patients who remained stable and did not have complications were discharged the following day. Aspirin for patients treated with coils and aspirin and clopidogrel for patients treated with stents (with or without coils) were prescribed routinely.
Results

Patients and Aneurysms Reviewed
Among 340 patients treated with neurointerventional techniques, 324 patients had 1 aneurysm, 14 had 2 aneurysms, and 2 patients had 3 aneurysms, for a total of 358 unruptured aneurysms. A single endovascular treatment session was performed in 207 patients, whereas 85 patients underwent 2 treatment sessions, 33 underwent 3 treatment sessions, 14 underwent 4 treatment sessions, and 1 patient underwent 6 treatment sessions, for a total of 538 treatment sessions or procedures (Table 2) . Among the 358 aneurysms, 269 were in the anterior circulation and 89 were in the posterior circulation. The distribution of aneurysms throughout the anterior and posterior circulation is shown in Table 3 . Of the 340 patients treated in this study, only 22 (6.5%) had truly asymptomatic lesions. Additional patients who were asymptomatic are described in Table 4 . Fifty-six patients (16.5%) had follow-up of previous treatment (clipping or coiling) of a different aneurysm. Thirty-six patients (10.6%) had evaluation for other diseases, including family history of aneurysms, cardiocerebrovascular disease, neurological disease, neoplasia, or trauma. Of patients with symptoms, 77 (22.6% of the total number of patients) had headaches, although it was difficult to ascribe these headaches to the aneurysm. Twenty patients (5.9%) presented with dizziness, 9 (2.6%) with syncope, 2 (0.6%) with seizure, and 40 (11.8%) with cranial neuropathy of CNs II-VII. Thirty patients (8.8%) presented with stroke and were found to harbor an intracranial aneurysm, whereas 16 (4.7%) had a TIA with the finding of an aneurysm. In 32 patients (9.4%), no specific symptom triggering the noninvasive imaging evaluation was documented.
Of the 340 patients treated, 304 were treated under local anesthesia-conscious sedation, 22 under general anesthesia, and 14 under both local and general anesthesia with multiple procedures. Follow-up results were available for 289 patients (85%), including 261 patients treated under conscious sedation, 18 under general anesthesia, and 10 with both local and general anesthesia (Table 5) . Fifty-one patients (15%) were lost to follow-up. The duration of follow-up ranged from 1 to 84 months (mean 12.7 ± 13.7 months; 3 patients who died within 1 month of treatment are not included in this calculation) (Table 6) .
Successful, Aborted, and Eventful Procedures
A total of 496 (92.2%) of 538 procedures in 318 (93.5%) of 340 patients were performed under local anesthesia and conscious sedation; 42 procedures (7.8%) in 36 patients (10.6%) were performed under general anesthesia. Of the 496 procedures completed under conscious sedation, 96 (19.4%) were performed in men and 400 (80.6%) in women ( Table 7 ). The mean patient ages were 56.5 ± 14.5 years for men and 57.3 ± 12.4 years for women. Fifty-nine procedures (11.9%) performed under conscious sedation were performed for giant aneurysms, 91 (18.3%) for large aneurysms, 267 (53.8%) for medium aneurysms, and 79 (15.9%) for small aneurysms.
In the 496 procedures performed under conscious sedation (in 318 patients), 370 procedures (74.6%) in 255 patients (80.2%) were performed successfully; 44 procedures (8.9%) in 39 patients (12.3%) were aborted, and 82 procedures (16.5%) in 81 patients (25.5%) were completed with some technical or medical event (Table 8 ). An event occurred or the procedure was aborted in 25.4% of procedures in 37.4% of patients.
There were several reasons for aborting 44 procedures in patients receiving conscious sedation-local anesthesia (Table 9 ). Vascular anatomical difficulty accounted for 33 (75.0%) aborted procedures, 28 due to vascular tortuosity, 1 due to dominant vessel catheterization, and 4 because aneurysms were felt to be too small for coiling. Technical problems accounted for 7 (15.9%) aborted procedures, including 1 coil herniation, 1 unsuccessful stent placement, 1 aneurysm rupture, 2 vessel dissections, and 2 episodes of reversible thrombosis during the procedure. Miscellaneous causes for 4 aborted procedures (9.1%) included 3 patients who were restless and 1 incidence of severe vasospasm caused by the catheter, which eventually resulted in termination of the procedure. No permanent morbidity or death occurred as a result of aborting procedures.
In 82 procedures, the ultimate treatment goal (complete aneurysm occlusion) could not be achieved owing to a variety of problems or adverse events. These events are summarized in Table 9 and included difficult vascular access while attempting to perform 7 procedures (vessel tortuosity in 6 and small aneurysm size in 1), techniquerelated problems in 24 procedures (coil herniation in 19, stent migration in 2, coil fracture in 2, unsuccessful stent deployment in 1, and catheter fracture in 1), vascular injuries in 21 patients (8 aneurysm ruptures, 6 vessel dissection, 3 groin hematomas, and 8 cases of thrombosis), and 23 (28%) due to other reasons (vasospasm in 2, postprocedural TIAs or stroke in 19, and CN injury in 2). However, despite the occurrence of multiple events, the total permanent procedure-related morbidity and mortality was only 2.3% (6 of 261) and 1.1% (3 of 261), respectively, per patient; or 1.2% (6 of 496 procedures performed under local anesthesia) and 0.6% (3 of 496), respectively, per procedure.
Retreatment for Patients in Whom Procedures Were Aborted
As mentioned, 44 procedures (8.9%) were aborted in 39 patients (12.3%) whose procedures were performed under local anesthesia. Anesthesia was converted from local to general in 5 patients (12.8%) with 6 aborted procedures (13.6%; due to patient restlessness in 2 procedures and vessel tortuosity in 4). Four of these patients were ultimately successfully treated; treatment in another patient who had 2 aborted procedures under local anesthesia was also unsuccessful twice under general anesthesia, and this patient was finally lost to follow-up. Fifteen patients (19 procedures) in whom treatment under local anesthesia was aborted returned for 12 successful retreatments. In the 3 other patients, 1 patient who underwent 2 aborted procedures finally had successful aneurysm clipping, 1 patient had successful aneurysm coiling after 3 aborted procedures, and 1 patient who had 2 aborted procedures had successful coiling 5 months later under conscious sedation. Nine patients (23.1%) with 9 aborted procedures (20.5%) were retreated by open surgery. Four patients (10.3%) with 4 aborted procedures (9.1%) were not treated by any method. Six patients (15.4%) were lost to follow-up after aborted procedures.
Change in Anesthesia
Anesthesia was converted from local to general during 10 procedures (10 patients) (Table 10) . Two procedures were switched to general anesthesia due to the interventionist's preference and 3 because of a previously failed procedure. Two patients required general anesthesia because of restlessness under conscious sedation and 3 patients because of vascular anatomical difficulties. 
Intensive Care Unit and Total LOS
The means for LOS in the ICU were 1.0 ± 0.5 days for patients having procedures under local anesthesiaconscious sedation and 1.5 ± 1.9 days for patients having procedures under general anesthesia. The means for hospital LOS were 1.5 ± 2.5 days and 2.8 ± 4.1 days for patients with conscious sedation and general anesthesia, respectively (Table 7 ). There was a significant difference between the 2 modes of anesthesia with respect to ICU and hospital LOS (p = 0.00008 and p = 0.001, respectively; Student t-test).
Follow-Up Results
Follow-up data were available for 398 procedures (80.2%) performed under local anesthesia in 261 patients (82.1%). Treatment resulted in good outcome (mRS score ≤ 2 [assessed by the neurological team]) in 383 procedures (96.2%) in 246 patients (94.3%) and a poor outcome (mRS Scores 3-5) in 10 patients (3.8%). Five (1.9%) of the 261 patients died (mRS Score 6). In 4 and 2 patients, poor outcome (mRS Scores 3-5) or death (mRS Score 6) was not procedure related. For local anesthesia, procedure-related morbidity per patient was 2.3% (6 of 261), and procedure-related mortality per patient was 1.1% (3 of 261); procedure-related morbidity was 1.2% per procedure, and procedure-related mortality was 0.6% per procedure.
Regarding follow-up in 211 (82.7%) of 255 patients who underwent successful treatment (296 [80.0%] of 370 successfully completed procedures), 207 patients (98.1%) with 292 procedures (98.6%) had good outcomes (mRS score ≤ 2). Unfavorable outcomes (mRS Scores 3-6) occurred in 4 patients (1.9%), and none were directly related to the coiling procedure.
Twenty-nine patients with 30 aborted procedures had follow-up data. Of these, 1 patient died 3 months after an aborted stent procedure following a large left deep nuclei frontotemporal intracerebral hemorrhage soon after extracranial-intracranial bypass surgery. The other 28 patients (96.6%) had good outcomes with mRS scores ≤ 2.
Seventy-two of 82 procedures were completed, yet were accompanied by events. Sixty-two procedures in 61 patients resulted in good outcome (mRS score ≤ 2). Six procedures in 6 patients resulted in permanent complications (mRS Scores 3-5), including 2 strokes, 3 hemorrhages, and 1 nerve deficit (CN VII). Three patients (4.2%) died after eventful procedures. One patient died on the 1st postoperative day of a subarachnoid hemorrhage after an intraoperative aneurysm rupture. One patient died within 2 days after coiling of a giant basilar artery aneurysm due to posterior cerebral artery and posterior inferior cerebellar artery infarction and large hemorrhage. The third patient had a giant basilar artery aneurysm and progressive brainstem compression and was treated by stenting with subsequent brainstem hemorrhage after the initiation of thrombolytic therapy for suspected thrombosis. Aneurysm recurrence is summarized in Table 11 . Overall, aneurysm recurrence was observed in 24.1% of patients with angiographic follow-up.
Discussion
Endovascular treatment techniques for unruptured intracranial aneurysms have been established as an alternative to open surgery for many aneurysms and are associated with documented low treatment risks and high efficacy. [1] [2] [3] 9, [11] [12] [13] [14] 16, 18, 21, 22, 25, 27, 29 In most publications to date, endovascular treatment of unruptured aneurysms has been performed under general anesthesia. Reported rates of procedure-related morbidity and mortality have been low. Van Rooij and Sluzewski 31 reported 176 unruptured aneurysms treated in 149 patients during a 10-year period. In this series, procedural mortality of coiling was 1.3% and morbidity was 2.6%. At the conclusion of the initial treatment session, occlusion was complete (100%) in 132 aneurysms, near-complete (90-98%) in 36 aneurysms, and incomplete (60-85%) in 8 aneurysms. Six-month angiographic follow-up demonstrated partial recurrence in 16.2% of aneurysms, which were mainly large and giant lesions. Gallas et al. 4 recently described 302 unruptured aneurysms treated with Guglielmi detachable coils at 5 neuroradiological institutions. The overall technical success of coiling was 94%. At the end of the initial procedure, aneurysm occlusion was documented as complete in 207 cases (70%), subtotal in 84 cases (26.1%), and incomplete in 11 cases (3.9%). Ischemic complications were observed in 28 patients (9%), and aneurysm perforation occurred during treatment in 8 patients (2.6%). Overall treatment-related morbidity was 14.4%, and morbidity with clinical complications was 7.7% (23 patients). Five patients (1.7%) died of the aneurysm perforation.
Conscious sedation with local anesthesia for the treatment of ruptured and unruptured aneurysms was reported by Qureshi et al. 26 and Park et al. 19 Qureshi et al. 26 described low procedure-related morbidity (2%) and mortality (0%) associated with coil embolization of unruptured aneurysms in 59 patients. In the report by Park et al., 19 92 patients with unruptured aneurysms were treated; among these patients, 8.3% had procedure-related untoward events, 2.2% had permanent procedural morbidity, 15.4% of aneurysms recurred, and there were no deaths.
We identified 25.4% of procedures performed under conscious sedation with local anesthesia in our data set in which patients experienced events. However, frequently an unsuccessful treatment does not necessarily result in permanent morbidity or death. In our series, the majority of procedures in patients with events did not result in neurological symptoms (Table 8 ). An event happened during or immediately after 126 procedures performed under conscious sedation in 119 patients. These events typically did not result in a neurological complication but changed the course of the treatment. In some of these patients, we elected to stop the procedure to return on a separate treatment day. Details explaining the failure of procedures under local anesthesia are summarized in Table 9 . Unfavorable anatomy of either the intra-or extracranial vessels was the major reason for eventful or aborted procedures. The microcatheter was believed to be occlusive in 1 patient, and the procedure was stopped. In 5 patients, the aneurysm was found to be too small to accept a coil, so that 4 procedures had to be aborted without event and 1 was stopped after an intraoperative rupture after which the patient was stable clinically and went on to surgical clipping.
Ten different types of technical problems were encountered in 59 procedures as detailed in Table 9 . Only 4 patients (1 with coil herniation and 3 with aneurysm rupture) experienced permanent morbidity or mortality. Nineteen patients experienced a TIA or stroke after the procedure. Of these events, 2 resulted in permanent morbidity and 2 resulted in death.
Conscious Sedation Compared With General Anesthesia
Performing endovascular treatment of unruptured intracranial aneurysms under conscious sedation and local anesthesia has distinct advantages. Obviously, general anesthesia with its side effects and attendant risks can be avoided. This saves the patient from having to undergo invasive monitoring and airway manipulation and from the systemic side effects of general anesthesia and pharmacotherapy. Furthermore, the logistics of the procedure are significantly simplified. With appropriately trained nursing staff, no anesthesia team is required. The room time per procedure is dramatically reduced because there is no need for a detailed and more complicated induction or wake-up period. On average, it takes 30-45 minutes of room time to complete the endovascular treatment of an unruptured intracranial aneurysm. Furthermore, the neurological monitoring is direct and immediate and does not depend on the interpretation of one or another electrophysiological monitoring signal (indirect). A neurological examination can be conducted at any point during the procedure. Consequently, the detection of adverse events is immediate instead of delayed. In case of a wire perforation, the patient complains of a headache and immediate counter measures can be taken, such as emergency angiography, reversal of anticoagulation, balloon tamponade, completion of coil embolization to secure the aneurysm, and stenting or surgery. In case of an inadvertent vessel occlusion, the patient is in distress and develops an obvious deficit. Immediate repositioning of a catheter, pharmacological treatment for spasm, or thrombolytic therapy can be instituted without delay. If necessary, the procedure can be aborted for a later second treatment session or open surgical treatment. Moreover, if the patient does not tolerate conscious sedation (for example, because of restlessness), general anesthesia can be induced during the procedure or during a second session. In our experience, this is rarely necessary. General an- esthesia was elected for those patients in our series who were not good candidates for local anesthesia, had more difficult lesions, or were restless (Table 9 ). In the direct comparison of local anesthesia and general anesthesia in our series, this factor must be taken into consideration in reviewing the results. As summarized in Table 7 , the use of conscious sedation for the endovascular treatment of unruptured aneurysms resulted in a significantly shorter ICU stay and total hospital LOSs than cases performed under general anesthesia. Furthermore, there is no apparent disadvantage with respect to the radiological and clinical outcome. The type of anesthesia used had no bearing on the incidence of aneurysm recurrence as defined as coil compaction or aneurysm growth (Table 11 ). The main advantage of general anesthesia is to allow pharmacological paralysis of the patient, nearly eliminating patient motion (with the exception of motion resulting from mechanical ventilation). Conscious sedation does not result in such paralysis; thus, is not suited for patients who are extremely restless. However, as we experienced with our patients during the current study, this potential disadvantage of conscious sedation is easily overcome with gentle stabilization of the patient's head in a headholder, pharmacological anxiolysis, as well as verbal reassurance (hypnosis) as needed.
Conclusions
Local anesthesia and conscious sedation for endovascular treatment of unruptured intracranial aneurysms is practical in most patients. The LOSs in the ICU and hospital are shortened overall, with an associated low morbidity and mortality, namely, 1.2 and 0.6% per procedure or 2.3 and 1.1% per patient. Although a variety of events may occur during the procedure, the use of conscious sedation allows the operator to evaluate the patient's neurological status directly and immediately during an event. Thus, complications can be addressed and resolved quickly. The data presented in this study support the use of conscious sedation for the treatment of unruptured intracranial aneurysms as an alternative to general anesthesia.
